Norl. cv. Nairobi was evaluated. Plants vernalized at temperatures from 4 to 15 °C for 4 to 6 weeks exhibited increased flower numbers, more synchronized flower development among individual plants, and reduced forcing times. Part of the increased flower number observed in the vernalized plants could be attributed to a small increase in branch numbers from 2 to 3. However, a longer period of vernalization slowed flower development, and therefore increased overall production times. Vernalization also reduced stem growth, primarily through a reduction in the number of nodes produced by each branch.
Materials and Methods

Expt. 1. Effects of vernalization.
Rooted cuttings of O. ecklonis 'Nairobi' were obtained from a commercial producer on 3 Oct. 1996. The individual cuttings were transplanted into standard 16.5-cm diameter pots containing soilless media (Metro-Mix 360; ScottsSierra Horticulture Products Co., Marysville, Ohio). All plants were placed in a greenhouse with daytime set-point temperature of 24 °C from 0600 to 2000 HR and nighttime set-point temperature of 18 °C for the remaining 10 h. On 3 Nov. 1996, all plants were pinched 5 cm above the surface of the medium. Thirty plants were vernalized in a greenhouse with a set point temperature of 4 °C. The temperature range in the cool greenhouse was 4 to 10 °C, as monitored by an Oglevee Computer System (Connellsville, Pa.), and is within the optimum temperature range for vernalization in many species (Lang, 1965; Metzger, 1995; Wiebe, 1990) . The other 30 plants remained in the original greenhouse as controls; the temperature in the warm greenhouse did not vary more than ± 2 °C from the set point temperatures. Plants were irrigated as necessary and fertilized with a complete fertilizer (20N-8. 6P-16 .6K) at a concentration of 150 mg·L -1 of N (Scotts-Sierra Horticulture Products Co., Marysville, Ohio) three times a week for the duration of the experiment. A 16 h photoperiod was maintained in both greenhouses by providing supplemental light [80-100 µmol·m -2 ·s -1 photosynthetically active radiation (PAR) at bench level] from GE Lucalox high-pressure sodium lamps (General Electric Co., Cleveland) from 0700 to 1000 HR and 1600 to 2300 HR. The experiment was concluded on 15 Apr. 1997.
Expt. 2. Effects of duration of vernalization.
Rooted cuttings of O. ecklonis 'Nairobi' were obtained from the commercial producer on 3 Feb. 1997 and planted on the same day using the procedures described in Expt. 1. The plants were placed in the warm (control) greenhouse as described for Expt. 1. After four weeks, plants were pinched to 5 cm above the surface of the root medium. Ten plants remained in the same greenhouse as the warm control, while the other plants were placed in a cool greenhouse with a set-point temperature of 8 °C for vernalization. Groups of ten plants each were vernalized in the cool greenhouse for 2, 4, or 6 weeks and returned to the warm greenhouse. Another group of ten plants remained in the cool greenhouse for an additional 8 weeks until the experiment was terminated on 15 June. During the first 9 weeks of vernalization, the temperature of the greenhouse fluctuated in the range of 6 to 15 °C. However, the frequency and duration of temperatures exceeding 15 °C increased during the remaining 6 weeks of the experiment. Plants were irrigated as necessary and fertilized as described in Expt. 1. The concentration of the fertilizer was increased to 200 mg·L -1 of N in May.
Assessment of flowering. The flowering response was assessed by three factors: the time from planting of the rooted cuttings until Osteospermum ecklonis, a member of the Asteraceae family, is native to South Africa (Norlindh, 1977) . Although considered a weed in its native region, osteospermum has been bred and developed as an ornamental crop in Europe (Olsen and Anderson, 1995) . The species has been introduced in North America as a potted flower.
The plant has alternately arranged oblong leaves, ≈10 cm long, which are coarsely serrate-dentate and glandular-pubescent. The flower is a composite capitulum with overlapping ray floret petals (Huxley et al., 1992) . Flower color varies among cultivars; in the cultivar 'Nairobi', the subject of this report, the adaxial side of the petal is white and the abaxial side is bluish-purple with stripes. The color of the disc florets is blue, and the dehisced pollen is bright yellow. The flower is ≈60 mm in diameter.
Little cultural information is available for growers interested in producing O. ecklonis. One of the limitations in osteospermum production is sparse and sporadic flower formation. Understanding how environmental factors such as photoperiod or temperature affect flowering is important for growers. Therefore, the primary objective of this work was to determine whether flowering is controllable for commercial production schedules.
In preliminary work, we found that altering the photoperiod had little effect on flowering. However, there is at least one report indicating that O. ecklonis responds positively to low temperature treatments upon flowering. For their studies on the effects of various growth regulators on O. ecklonis, Olsen and Andersen (1995) employed a 3 week vernalization treatment at 8 °C to promote flowering, though no details were provided on the effectiveness of the treatments. In addition, research on the closely related species, O. jucundum Norl., showed that vernalization at 12 °C promoted flowering (Pearson et al., 1995) .
Considering this information, vernalization may be the most influential factor affecting flowering in O. ecklonis, although optimum temperatures and duration have not been determined. For many cold-requiring species, temperatures of 0 to 15 °C are effective for vernalization with typically broad optimal ranges that vary slightly in different species (Bernier et al., 1981; Lang, 1965; Metzger, 1995; Wiebe, 1990) . For example, optimum vernalizing temperatures are 2 to 7 °C for Lilium longiflorum Thunb. (Easter lilies) (Rees, 1992) , 10 to 13 °C for Olea europaea L. (olive) (Hackett and Hartmann, 1967) , and 0 to 10 °C for Thlaspi arvense L. (field pennycress) (Metzger, 1995) . The effects of vernalization gradually decline when the temperature exceeds the optimum range. Previous growth chamber studies, in which O. ecklonis plants were vernalized at 5, 10, 15, 20, and 25°C for various periods of time, showed that upper limit for effective vernalization is between 15 and 20 °C, although maximum flower promotion was observed at 5 and 10°C
; (Suzuki, 1997 (FN) , and the number of nodes (NN) on each stem. Also the number of stems (TSN) produced by each plant was determined and their average length (SL) calculated. The data were subjected to one-way analysis of variance (ANOVA) using the Minitab statistical program (Minitab, State College, Pa.). Means were separated by Tukey's pairwise comparison (Zar, 1974 ) at a P = 0.05 confidence level.
Results and Discussion
Expt. 1. Effects of vernalization. Control plants, under warm conditions, remained mostly vegetative throughout the experiment with the sporadic appearance of a few flowers. They produced an average of 0.5 flowers per plant, although 10 of the 30 plants did not flower at all (Table 1) . Flowering in plants in the cool greenhouse was promoted, as evidenced by the large increase in the FN. Vernalized plants produced an average of three flowers per stem, with seven being the highest number recorded. Along with increased FN, flowering was more synchronized in the vernalized plants, as indicated by the smaller standard deviations relative to the control (Table 1) Vernalization also promoted the growth of lateral branches; there was a small but significant increase in the average TSN in the vernalized plants (Table 1) , and some of the increase in FN can be attributed to this. Given an average of three flowers per stem in the vernalized plants, roughly 25% of the increase in FN can be attributed to increased branching.
Stems of vernalized plants were ≈40% shorter than those of control plants (Table 1) . Most of this reduction in SL was due to the production of 65% fewer nodes. Presumably the reduction in NN in the vernalized plants was the result of earlier flower initiation since no additional leaves are produced after flower primordia are initiated in determinant plants.
Expt. 2. Effect of duration of vernalization. As in most cold-requiring species (Lang, 1965; Metzger, 1995; Wiebe, 1990) , there was a quantitative relationship between the length of vernalization and the flowering response ( Table  2 ). The FN increased with duration of vernalization, reaching a maximum after 6 weeks of vernalization. However, 2 weeks of vernalization did not significantly increase FN, indicating that this osteospermum cultivar has a minimum vernalization requirement between 2 and 4 weeks. In addition, maximum flower induction was achieved with 6 weeks of vernalization; no increase in flower number was observed with a longer treatment (Table 2) , even though greenhouse temperatures were maintained in the effective range for vernalization of O. ecklonis (Suzuki, 1997) for an additional 3 weeks. However, this maximum level of floral induction was nearly achieved by 4 weeks of vernalization, as evidenced by the much larger increase in FN observed when vernalization was extended from 2 to 4 weeks (5.7-fold) compared with that obtained by increasing the vernalization period from 4 to 6 weeks (1.3-fold). As was the case in Expt. 1, part of the increase in FN observed in vernalized plants is the result of the greater number of stems produced ( Table 2) .
The number of nodes produced on individual branches decreased with duration of vernalization. The maximum reduction in NN was observed after 4 or more weeks, while the 2 week treatment resulted in an intermediate effect (Table 2) . Leaf production ceases when flower primordia are initiated in determinate plants; therefore, the number of nodes can be used as a measure of the relative time of flower initiation in the apical meristem (Bernier et al., 1984) . Although two weeks of vernalization had no effect on FN, both NN and DF were significantly reduced. This suggests that at least some of the processes required for floral induction had been completed by this time. Therefore, the initiation of flower primordia must have begun between 2 and 4 weeks after the cold treatments began because vernalization treatments longer than 4 weeks did not further reduce NN.
The greatest reductions in average DF were observed in the 2 and 4 week vernalization treatments (Table 2) . In these treatments, flowering occurred ≈14 weeks after transplanting, while plants subjected to 6 weeks of vernalization flowered after 15 weeks. The control plants and plants that were maintained in the cool greenhouse for 15 weeks flowered in 17 weeks, and these results are consistent with those obtained in Expt.1. Many flower buds were visible at the end of the experiment on the plants that were continuously vernalized (data not shown), indicating that extending the duration of the cold treatment for periods longer than 4 weeks delayed flower development, resulting in increased production time. Thus, while extending vernalization may result in larger FN, this benefit must be balanced against the increased time required for flower opening (Table 2) . However, increasing the duration of vernalization from 2 to 6 weeks progressively reduced forcing times, i.e., the number of days from the end of vernalization to the appearance of the first open flower (Table 2) .
Consistent with the results in Expt. 1, vernalization synchronized flowering among individual plants, as indicated by the reduction in the standard deviations of DF. However, the maximum amount of synchrony was achieved with 4 weeks of cold; no further increases were observed with longer treatments (Table 2) . As observed in Expt. 1, vernalization reduced stem length primarily as a result of cessation of vegetative growth when the plants were induced to flower (Table 2) . However, not all of the reduction in stem length can be attributed to the reduced number of nodes, since vernalization reduced NN proportionally more than SL (Table 2) . Moreover, while NN was not significantly different for 4, 6, or 16 weeks of vernalization, the average stem length of the plants vernalized for 6 weeks was longer for the other two treatments (Table 2 ). This suggests that other factors also affected stem length through effects on internode elongation. Variations in environmental factors, such as light intensity or temperature, during the period of internode elongation might account for differences among these three treatments.
Osteospermum has a creeping growth habit with a tendency to quickly overgrow standard pots, and therefore some kind of growth control is necessary to produce a saleable crop. However, we showed that a 4-or 6-week vernalization treatment reduced stem lengths by 30% to 35%, resulting in a compact, attractive plant without resorting to the use of chemical growth regulators. Thus, with the proper integration of a vernalization treatment into the production schedule, reducing the need for additional operations for growth regulation may be possible.
